Ch. 16: Random Variables

* A numeric value based on the outcome of an event

Coemm—

e

* We use capital letters to denote random variables
(like X, Y, Z)

* Example: tossing a coin 3 times and recording the number
of heads: X=0,1,2,3 Heds

* Example: # of children in a family: X=01.2.5; s



Random Variables: 2 types

K
Discrete R.V. Continuous R.V.
What is * Can list all outcomes * Qutcomes are in an
it? interval
* cannot list all
(o, max)
Examples] * # of heads in 3 coin * # of hours a light
tosses bulb lasts
* # of children in a * Time to run a mile
family

oFten whole 4 oviumes nk whole 1’



DISCRETE CONTINUOUS
Distribution/ | * Probability Model * Continuous Distrib.
Function X |1 | 2 |3 |a |s

P(x)[0.1 | 03| 05/ 0.03] 0.07

;PFO bWam

* Ex: normal distrib.,
uniform distrib.

Properties
of Distrib.

*Sum up to 1

Pix=3)=0.0
* All disjoint prob.
Add prob. to get

sums P(X>3)=0.]

* Area under curve = 1

* No individual
probabilities!!

Pix=a) =0

We will focu§ on DISCRETE Random Variables in this chapter
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ample:
1) Let'splayagame! You pay S5 to play. In the game,
* Ifyoudraw the ace of heartsj)u win $100
* Ifyou draw any other ace, you win $10
e Ifyou draw any other heart, you win $5
* Anyother card, you win nothing
We are interested in the amount that

U get to draw one card from the deck.

M)F $"\.?>5
G, $13.80

a) Create the probability distribution below:
X =valuesof the variable. The outcomes
P(X) =the probabilities of the values. Mustsumtol.

1$95| $5 |30 -85 |
Vo | 3k | 1%, |3%z\=1°5z/57

b) Whatis the chance that you go home with at least some money? P(

]
c¢) Whatis the chance that you%t least $10? (ﬂ? IO)': /51
d) Whatis the probability of not gaining any money’ P(X 5)

X‘O)‘ 5

P(X)




Viean/Std. Deviation _ M M
VEAN = Exveckd UJ.LUZ * Notation: X H
f EQ) EH

:xpected Value = the value we would expect to getif we played the game many, many, many times. Al
heoretical, long-runaverage. NQA%\\)(QA. M%’ ﬁ 0?
‘ormula (howto findit): M\L h ( o

* Xisa Discr V. wit ollowjngdistr.:

X X1 X2 X3 .. Xn _
px) | \pxe) ST \Po2) /T 1P0B)../T PO/ | HW |5/.

* Findthe mean (expectedvalue) by doing the following:

Sy Pl B




CALCULATOR:
e L1=valuesofvariable (toprow oftable) X 0
3

e |2=Probabilities of eachvalue (bottom row of tabl
e STAT=> CALC=> 1-Var-StatslLl, L2

e Mean=X St_d. Deviatio X
My

B(xX) O;
o




ample:
k| & | «+ | 2 | 3 | & | 5 T4
(X) | 0.05 | 0.12 | 0.18 | 0.2 | 0.4 |

natis the mean (expectedvalue) and std. deviation?

Ny 43 qx = 1,%30%¢

ample:Find the expected value (mean) and the std. deviation of the first game above.

i\f&l' stods L, N L2



nple: New game! We are rolling a die. We are again interested in the amount/A 1t costs $5 to play
Rolla 6, you win $10 GRIN

Rolla 5, you win 57

Rolla3 or4, you win $5

Rolla1 or 2, you win nothing

ite the prob. distribution and find the expected value (mean) and standard deviation of the game:



Book examples: p. 383 #
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E(X)=1.4

SD(X) =0.611
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nsforming Random Variables
» Wemaywant to alter a random variable (add, subtract, multiply, divide the variable)

» Wemaywant to combine it with anotherrandomvariable

‘andY dom variables Let “a” and “b” be fixed numbers

LES Mx=10
Itiplication and addition of a variable: C )_( }

s M&:‘_bx :a"' }D'MX
VARIANCE: Q-;u\-b)k b 0; OTHW-:- bG‘X

ﬁ‘f REMINDER:
\9 OJ" Std. Deviation = Jvar iance
b G 0= \/(;
¥




REMINDER:
Std. Deviation = «f\'ar iance
(X and Y) o=+Jo'

Combining 2 or more variables together:

. ax=3 9
MEAN: M)@-\\ = MX Tﬂk\f G’f‘ﬂ'\ (7
My = M- My

VARIANCE: . .
0/)'(_1_\{ — 0;3\1 = |G;¢ 5 0—\.’
X x Oy + Oy

Uy



EXAMPLES: MX: 6'2' G‘X=3'I

1) Random variable X has a mean of 6.2 and g standard deviation of 3.1.

. he ney er‘?ana\dit mf we multiply by 3
3X =

J2x =3- 3. z@
. Findthe new mean and standard devyj ubtract 10
" Whxto = 6.2-10 =

Tx—pp =

c. Findthenewmean3

AN SX +o

gs=Rdard deviation if we multiply by 5 and add 10.




2) RandomvariableY hasa meanof 3.4 and a standard devuatlon of1.4.

a. E anand standar eviationo +Y 2
/(/bu-'f fiﬁ d standard d £ X X gl
g @ Oy = (30 *(14)*ILs .‘ K

b. Findthe meang andard deviationof X =Y
AAx-Y -6 2-34= 0‘ l L(
Jx- 7 !

C. fThe meanand standard deviationof 2X + 3
AMhaxtzy = 2(6.2+ 3( 3. 4)

Taxezy= @30 +(3-14) I56c% “F467)

d. Findthe meanand standard deviationof3X+Y—-4

ngrvg EENRATE




| Newgame! Asingle dice is rolled and the following occurs:
* Rolla6, get40 points
e Rollador5, getl0 points
e Rollal, 2, or3, get0 points

. Write the probability distribution

ps| 40 (10 | O

IO = 14442 pts

Suppose the pointsar doubled Flnd the new mean and stan ard dewatlon

Map= 2006, 03,=28.284 ps.
. Supposedthe game is played twice (independently). Whatis the mean and standard deviation of this?

VTP T Y
(7;1-‘- ’-\W’-MZ‘ + [H 4L = 20 pt.




More examples:
i I Supposethsﬁ randomvariable with &, =10 and G4 =2. Find the following:

a. M:y 0. Kys / C Hsxs

e.0x3

d.Osx

2. Suppose thatXis the randomgriable from above, and yat ¥ is independent from X with &, =15 and

Oy =3. Find the following:

a,,'AluInE C- O——r_r

4.0z
3. Suppose the mean SATverbal score j@425 with standwyd deviation 100, while the mean SAT math score is 475

with standard deviation 100. Whgaf can be said about thmean and standard deviation of the combined math
andverbalscore?




Book examples: p. 3842{,,2‘5, 40
16) (a) x=2.25 el Fh®s ALy iqovyex = 1125 e
(b) Oy = 126 w,& \100\,(5 Gx‘.xix.} XEX = 5(\.1(.)1

32) LUX X+ X+ X4+X— 11.25 Ox+X+X+X+X=2.82 W.d. l‘ﬁ‘\h
e
s



@M03500 @MD—-C
=430 -
0 O, - o
M= ¢|20
Gc= 435 @
© Nowd N (40,%-(0)
P(D>C)

_C --c'

?(D -C 7 O) = M?(O,e"(‘\glo 'li(,.m]




25) (a) n =30 (b)u=26 (c)u=30 (d) u=-10
c=6 c=5 o =5.39 c=>5.39

(e)u=20 ©=2.83
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05 =930  Tc=$3

@MD—C, = — 40
® 0o -c = H6. 098~ ¥4 .10

© novmedf (0, 599,~R0,46 .(o>
/m 33237

~30 O




@ a) D+ D+ = tota\ Cost
D) fhoenec = (00+100+]30 330

%rbro ‘"'X%Oz-l- 20 +35 %= 455
N (30,55)

9 P phak >H) =
- Normedt (H60, €44, 330, 55)




